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mal energy density stored in the molten Sr fito resuto ™*^"„tTa ^-uniform sample structure, whid, causes a 
triggem the long lateral gnun grow^ 

nonuniform heat removal rate, resulting in the solfciificaoon tune delay. An ^^"^be^J anJoTSng po- 
EIA> By using organic SOO as the underlayer, grains more than 20 microns in length could be ^^J^^" ^J^^^] 
^mca^grauvsL became more man 0.1 nm,. These lateral gro^ tecbnolog.es se^ 
film transistors but also to solar cells. 

fC*oTjfc&U&2MaeSi(a-S0 **§V>*. C«>a-Si 

rtfc£V^ttf6#**t*t TCT A^HIC* ofc. 
tf> TFT &*VT V>>5. C*tfe«>ttlfc *tSft^»# 

mSk (O Si fSBI&SttE l-ffl v> 5 TFT 9 fc&«> * * 

/VX&Sitf^* 5*"*" I*' — If (Excimer-Laser) 5> *Stti^ VX, 



1. tt U «> tv 

) Si ©^ftWKfclftlit^i^fc**^ * <S01- SUi- 
con onhaulator) 1**1*. »*mmp?*7**X** 

fi^raic45fcoTSilSA^il!««lcH!StV*fc«>^S 

yj?^ (TFT: Thin-Film Transistor)" <DT h '> ^ <fc 
fSBSfctt, 300«CgK<DS«iaS-t?^9X^CVD& rt 
E-mau: matumura@pe.titech.8C.jp 
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U— If iS® • SiSeUt (ELA:Excimer-Laser Annealing) 
**3C*e>W£ft. 

*LhlC**i-* Cf*T* • • : Systeown- 

Panel) C t *#S«>Bto* l,TV***&. 20¥lttKlP 

^«osHBWi««l». #tM&Si*»*i6. 
©^-^a*^-e%**- ELAifeft. C»2lWM>« 

2. I*->71/- 1f<DfHJI 
2.1 I^Tlz-fOllS . 

^^ft^i^R*^^- t**V" 

cited dimer) fcif*. »¥^l*«V»lWe**'*-* 

fcac^-rt'— !fft. 19l6^IC.|i#llCrtrtlUfc. Ffc 
£ ©As o t * * 

380 nin JBLT<DS«Ee««^» Si 

*#v^t?, arc** if si#*©Mi8 

Tab le 1 Typical Excimer Lasers and theii important features. 
Laser ArF KrF XeCl XeF 

Wavelength (nm) 193 248 308 351 
Photon 62 4.9 3.9 33 

Energy (eV) _ 
Advantage ELA for High Long Trai^t- 

SuN 4 power gas-hfe table 

through 
glass 



U ®fiT?it« Si R«P Vn Si-H *£ 
£ft. *<D^^^-* J 3-4eV <afc&teife$M-* i 

^$V>XeF^->*ttC<0^«:**W»*0^tt 

^WfU*v>i:VN5^«Sr^o. **»Fu-ir*ft# 

< . XeO l^— !f *©Jim*S 
^v^g*«BK:5ai-5im^*t5. ArF u— 
14, 7tl«y«>**^-^*.v^ «MfcsiR*: 

Table lic3*l/fcel*fc%, 
i:, fc5V>t*si<oiRiR«»A j a*»c^* < 

Si fSI&fcM** 500 nm U&*>M&&<» Ar 

^*vw-mS#^ Si**l«r»»t>fe. 

^tf^^-ftScB mJ/shot Tf, .XjVX«tt«+» 

— jf*K-it-<-C7«***V^ Si m»<0»UK ftRW 
ml/cm' «>Mlt^^^-e* X+#X3t>*. 

«»c}g» • nm&itxzzto-e, mm*****-* 

nz>. iobri s m*o^j*ifflrt»fsii»st«>«fik ' 

^Sf9 ^S«J:0 Si »RO ELA ft. 80 
*ofc*». «+nsgK«>«JSI«fiairt^** 

; com • BMitmnwM********* 
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3. SiM<Dg^ESTO«£^t5a*I 

r»»ji«fc#»k*'fc»»*»n». #<»«istt. Fig. 

<WMEtt«*ric4W!FU S*£ «•-) -C'tt-^PX-feS. 

WF-®* ****** 
Si 0> ELAtfeTrii. #5ittlOOnsSS«>eS«ffflrtt? 

( ' * 



solid phase 



855^ (2000) 

«-v<os^jaeriiW iooo-c tisa«*» 
be©*a^«>*»fflft»i8oox:sgE-c*4>5. m&to-? 

©»a«38^ttja«*s» 1200-C *T05 

3.1 «j?:&fl<oissi»«M 

si gttfftfl Ufcafc****-*******- * * ° 
-C, SB^rtfcBSSrt^&i**-*"*. t*tl±**S/-ru- 

S«-h«> a-Si 8% ELA U«^KOV»t, iifc© $ * 
i5tgc5^ Fig. 2 lettfeftiear?. • 





800°C 


amorphous 




crystal phase 


<=■ 


phase 


J Molten Si 




1200"C 



I'j^nwis'C looo-c'jj 



Substrate 



Heat 



(c) 



liquid pikase 



Fig. 1 Important phase transit! ns for ELA. 



Fig. 2 Schematics f Si-ELA. (a) Partially melting, (b) Just 
before "completely melting", (c) After "completely 
melting". 
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m (a) **. It:WS<XSI«^«#**iMM»K« 
itft*S 100 nm SK<©»^fe»l4T?««>S < 3 *t*. 

**> (Supercooling) ^«) 1200X3 S 

»W«ik»ft.i;fc«Ut*A ; *-**5« > '''- ****** 

t«M*JI«** <***«>**) 

<DB8^» Fig. 4 *> Jt 5 fcfcS. /o o»JPfc#o'Tl*»tt 

m*&&K&m-tz> t mm-, mar 



£ m » 




Laser 



Irradiation 

Fig. 3 Schematics of time-dependent temperature when the 
Si thin-film is completely molten by ELA. Solid 
curve: thick Si film. Dotted curve: thin Si film. 




Laser Intensity 

Fig. 4 Schematics of average grain size as a function of 
light intensity. 



2,2 &w&& ss2i# 

W^SSr Fig. 5 ic* t V>Xjfi-t. 
600*CSKt<SV''O-e. »«K|ilS»^fc5. B (b) 

*ST*SS. B (c) i£ni+*7 5S£ 




Sample 



(c) 

Fig. 5 Various large-grain gr wth technologies, (a) Sub- 
strate heating method, (b) Dual beam method, (c) 
Double pulse method. 



fH5^ (2000) 

»cSS-<o/<***ssi?Sl&S:ira4ti-5. »-® x ^^* J 
& S £> KM it 5 -C * W&Xlb o T, feS tiStt 8 |un 

.I%.«ifc.'*!i^^**^*^iWo«fWfi3»'* 
Si«*^5>^V7 r i'i'*^I* v «>ft**' 4 ** Ejt " , "*» 

IC^-T J: 5 fc. lift 1 t»m SlSfcifeV^ urn 
Laser Light Lateral Growth 




Fig. 6 Membrane structure used for first observation of 
ELA-induced lateral growth. 
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Fig. 7 TEM image for laterally grown 

4.2 ^-B§#1S£ 

5 fc. Fig, 2 (a) L-fcSS«<0 (Ifcfrfi) ^Sftfii 

HiaiCl*, C«> Super-Lateral Growth (SLG) ^"'t?!*^ 
«i*^«>^aE^*S*^** v% - Rg. 8 (b) tcfr-rz 

b »c Bat*®* t>mttc®&m&*>&&&*% < t*j 

tHWt«****Wi-*fc'tt. Fig- 8 (c) lcSH-J:5 



&*B®]$PELA (PM: Phase-modulated ELA) fe<08t"&Sr 



grains on the SiOi membrane. 

Laser Light 

* * * i 




Substrate 



(a) 



Laser Light 



V * * * 




Fie. 8 Schematics of lateral grain growth, (a) Lateral growth 
induced by lateral heat loss, (b) Random nucleauon 
caused by vertical heat loss, (c) Method f suppres- 
sion of random nucleation (energy gradient method). 
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3t(6f4<* S5 21* IS5# (2000) 



Phase-Shift 




3 



0>) 

Fig. 9 Phaserinodulated ELA method, (a) Schematics of ex- 
perimental system, (b) SEM image for the crystallized 
Si film (After Secco etching). 



Fig. 9 (b) tt, PMELAftKioTieS4fcL.fel«*4» 

si ?*ie*^^»c:^ai-5(<tia*» e> * o jsv>/. 

«=/Ul -exp(L (t -Tj/* B r B r) > 



i00m/sS5T?*>5. HUfctfctt© Si *s^*5i&^o^4kS9 
£ dsj at ti, m&&&&L t-tiUi, 
asj dt=-L6R 

c< ?r/ dt——V ' K (VJ) -S.+ dSjdt 

Sj= a/,(y) exp (— ax) 

Fig. 10 (a) ICi^-i-3te3&fi a.(K)> '»**»••? 

<Dfi£#*i>«r@ (b) iriR*^, •? 
tt , ^#^«>«^«>fc«>lc, T ttSiKri-^fcraff- 
jg-C-, SiCkT»rt-ett&»te3E«-t-S. ffifcspfTfc* 
fa (y*i^) icii, «*3fe^K«K«>fc«)lJ:, siBlft 

Siiis£38tf«f<o?iSfi 092900-C) bte 

ae^«co«**^sa#>fiT?tt, si 

j£«U&«>3. a (c) K:i80iis^<oSffi^*4r®i«* 
ffi (*») i:*»t*-r. @**iB^ffit««Sr*i-i 

a*®©2fel8 si -flWM*ttffeVC*J!> r. -e 

i£Itf*JBfc*>S. ma g^6 1 m ^^ m<D Si/SiQ l 

vmii&m**>- si « «r*b*ra fc«to&fc«*0>*: «>»t . 
Tife^^eta^sirtstticifffiifciwu-cii 

Fig. 11 ic Si/SiO, #B5<Dk8#*i£^-f". t^^o 
@ j£#ffi«>&B£r * BIT?* Ufc. i: -» 

•rs. i#si!Sirt«©sffi43Bai*. «ffBfcfc*-K^*<*- 
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a. 

3 2 




Fig. i© Computer results of grain growth for the energy gra- 
dient method, (a) Light intensity distribution, (b) 
Temperature distribution just after the light irradia- 
tion, (c) Temperature distribution at 180 ns after the 
light irradiation. 



1800 



1600 



1400 



1200 



1000 




Fig. ll Computer results on the temperature profile at the 
St/underlayer interface. 

ns SSSB-t-S t. 1200-C *T 

f^raii) mdmmtctt±m (100 

^f^r^ria^^^a iti^^r'iT^ft 

Fig. « ^B^^S^^^^^ 8 ^^ 

Sra^i-. B (a) ^tt, WJfttt»fc*3fe««t»-tfc a» 

patteraingELA) Si #B&T?«fc>*t-CVN*VN*# 

a<Djaas?T?tt+*»ictt'<.-ciift«E**s«?' . -tots*, 

K«rKltS»». COCN-ELAffi (C n- 
tr lled Nucleation) ft-e»i, ^-M«tli: ^ oT Ufc 



o 



e 
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O 



Laser Light 

+ + + + i V •* 




Laser Light 




Laser light 



I I I I ^ 




•:-:sio»-.-- 



Snbstiate 
(c) 

Fig. 12 Sample structure for non-uniform heat loss (Ad- 
vanced FELA method), (a) Reduction of heat re- 
moval rate by elevating the underlayer temperature 
(P J ELA), (b) Acceleration of heat removal rate by 
reducing the temperature (CN-ELA), (c) Combined 
method (advanced FELA). 




Si Wm* h <r>% 9 s K1F<0 Si m&KM& & A"** 

0 (c) ttcH6>*»*^fe*fc«liS*^' 
Fig.ttfcSi&rt^aK^^ftg&mSr^-t-. 



Fig. 13 Time-dependent temperature profiles for the ad- 
vanced PELA. 

T?Jtat*-f-* 1, KT© sifBttteftrtTjaffl^ 

ss:*nS]*siijfcS* 5 £u3. «*ftjfcfi©*e*ttsirt© 

Of, 2|BnfW'fc**. Sli»BIT«*>*t^ftVN»»_ 
!f3t*s*iaiRS=Srii[«tU. *'f trWMlc 3000 

ffecDfcfcfc. SiKoraffl^-i?^**^* 5 ' c< °^ 

*, w^iftisartJW^iiwbsstv"*- awwrt*ic*ivvfc 
sioNJR»j»«:»#*tt'i^^*J, fi£#»£Kttx$.T 

S^fiSBffiJIiriStungAfc^S. tbt20 

5. f/U^ffl. 

TFT°- lJ, 3&5Kf* • nm^iU cmVVs 4: a- 

SiTFT J: »> 4«fiS<» ULSI fcJBV>k*VCV»5 Si SUSS 

ulsi ffl h 7 fctt^-c vs * 

tve>©H)s^tt. s t i^aa«J6iafife-t^ifi^ 

^lie^Si^i*!©®^^^^^^**- s»* 
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Fig. 14 SEM photograph of the Si film crystallized by the advanced 
. FELA. • 



- T?, j.^- w — If T?^cltS<? Si ^ISSr J£J$ L-"C, 
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